Redirected walking (RDW) refers to a number of techniques that enable users to explore a virtual environment larger than the real physical space. These techniques are based on the introduction of a mismatch in rotation, translation and curvature between the virtual and real trajectories, quantified as rotational, translational and curvature gains. When these gains are applied within certain thresholds, the manipulation is unnoticeable and immersion is maintained. Existing studies on RDW thresholds reported a wide range of threshold values. These differences could be attributed to many factors such as individual differences, walking speed, or environment settings.
INTRODUCTION
Compared to walking-in-place, or using navigation devices such as game controllers, real walking in a virtual environment (VE) has been proven to have better fidelity and immersion [12] . However, the problem with real walking arises when the VE is larger than the available physical space. A solution to this problem was proposed by Razzaque et al. [9] , in which the mapping between the virtual and real trajectories is manipulated. These proposed techniques, quantified as Redirected Walking (RDW) gains, are applied on different aspects of walking such as curvature, translation, rotation. When applied within certain thresholds, these manipulations are not perceptible and immersion can be maintained. Research effort has been spent on identifying what these thresholds are, however, the thresholds found by different groups have quite high variability. For example, rotation gain thresholds found by Engel et al. [2] are 0.85 and 1.35 while they are found to be 0.67 and 1.24 by Steinicke et al. [10] ; curvature gain thresholds found by Hodgson et al. [5] , Nitzsche et al. [7] , and Steinicke et al. [10] are also considerably different: 7.64 m, 10 m and 22 m respectively. These thresholds do not seem to be constant and have been observed to vary largely between individuals [3] and context settings [4] . Correspondingly, it is essential to understand the factors that have effects on RDW thresholds, such that an optimal RDW gain could be applied, maximizing the "compression" effect of RDW techniques while maintaining immersion.
RELATED WORK
Neth et al. [6] conducted a study to investigate the effect of walking speed on curvature thresholds and reported that faster speed increases * e-mail: nngoc@ethz.ch † e-mail: yannick.rothacher@usz.ch sensitivity to curvature gain. Regarding the existing work on the effects of environment's design, Steinicke et al. [11] performed a threshold identification study where they presented different visual appearances of the environment and applied textures of different visual density to the environment, consequently generating different amount of optical flow. They found that users tend to be less sensitive to RDW when the amount of optical flow is small. In another study, Paludan et al. varied the number of objects in the scene to investigate the effects of visual density on rotational gain thresholds [8] and could not establish a relationship between visual density and rotational gain thresholds. Considering that high visual density leads to higher optical flow, the two aforementioned studies seem to address the same question about the effects of optical flow on RDW thresholds but their observations are rather contradictory. Given that there are differences in the design of the environments in the two studies, it is not possible to conclude whether optical flow has an effect on RDW thresholds. While investigating the performance of different RDW algorithms in a constrained world, Hodgson et al. [4] remarked that users tended to notice the curvature gains in an aisle more than in a forest. This observation suggests that the dimension of the environment may play a role in the detection of RDW.
Given the aforementioned observations and studies, we would like to perform a study to fill a gap in understanding the effects of environment factors on RDW thresholds: the environment size. In this paper, we present our experiment design for identifying the effect of environment size on curvature RDW thresholds.
USER STUDY

Experiment Design
The two scenes, corresponding to two room size conditions, were designed to be as plain as possible to remove any confounding effects of optical flow. Both scenes contain a red target, which is located 7.5m from the starting position of the user, four surrounding walls with simple shading and no texture on the walls. The width of the room in the one condition is 10m, while it is 2m in the other condition. In both conditions, the room length is 10m. Fig. 1 shows the two scenes.
Since it has been found that walking speed affects curvature RDW thresholds [6] , we control the walking speed of users by asking them to follow certain step sound. The step sound frequency is generated by equation provided by Dean [1] . Using the 2-alternative forced choice method, in each trial each user walks to the target two times. In only one of the two walks, a curvature gain is applied and the order is randomized between trials. The next value of curvature gain to be tested is calculated by a Bayesian adaptive method called "QUEST" by Watson and Pelli [13] .
Experiment Setup
The experiment setup consists of an Oculus DK2 with a built-in SMI eye tracker and an Intersense IS-1200 inside-out optical tracking system mounted on top, providing 6-DOF positional tracking at 180Hz. A cover is added in front of the headset to prevent users from 
RESULTS
60 subjects (30 men, right-handed, with normal or corrected vision) were recruited from the university market place and paid 15CHF/hour for their participation. 30 participants were exposed to the 2m wide room condition and the other 30 participants the 10m wide room condition (same number of women and men tested with each room size condition). To investigate the effect of room size condition (between-subject variable), we fitted a linear mixed model which includes room size as a fixed factor and subjects as a random factor. The full mixed-effect model therefore becomes: Threshold ∼ 1 + RoomSize + (1|Subject). Results did not show a significant effect of room size on curvature RDW thresholds (p > 0.05).
DISCUSSION
It was surprising to find out that room's dimension does not significantly affect curvature gain thresholds. This contradicts with the observations by Hodgson et al. [5] that their subjects recognized curvature gains more in the aisle compared to an open room. One possible explanation for this finding could be that it is not the room dimension, but the amount of optical flow generated by the scene or the combination of room dimension and optical flow that affect curvature gain thresholds. Since we had no texture on the walls, the amount of optical flow generated in both cases was mostly similar. It could still be possible that there is a small effect that can not be recovered in a between-subject design since there is a high variability in individual thresholds. A within-subject design where each subjects thresholds are measured in both room size conditions would have been more suitable.
CONCLUSION
In this paper, we have proposed a study to investigate the effect of environment size on curvature gain thresholds. We found that environment size does not have a significant effect on curvature gain thresholds possibly due to the lack of optical flow. Further study is required to identify which other factors of the environment influence RDW thresholds such that a set of guidelines about how much curvature gain should be applied in a given virtual environment could be obtained.
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